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SUMMARY 
The solvolysis of haloforms in basic solution has been 
shown previously to proceed by a mechanism that includes for­
mation of a methylene intermediate. The mechanism, termed an 
(^-elimination, proceeds as followss 
CX^H + base * C X ^ 
cx3"" > cx2 + X~ 
CX 2 *r products 
Chlorodifluoromethane has been found to react with 
base to yield the difluoromethylene directly, and not to 
undergo carbanion formation. The reaction of this compound 
with sodium methoxide in methanol was studied and was be­
lieved to give a difluoromethylene intermediate which re­
acted further to give difluoromethyl methyl ether and methyl 
orthoformate, and with added sodium thiophenoxide, difluoro­
methyl phenyl sulfide and a substance believed to be triphenyl 
orthothloformate but not isolated In a pure form. These pro­
ducts were not formed from a direct S^2 displacement, as no 
appreciable reaction took place between the thiophenoxide ion 
and chlorodifluoromethane unless sodium methoxide was present 
to bring about the proposed concerted cf-elimlnatione 




CHC1P2 + CH^O" CP 2 
CP 2 3_*. CH 3OCHP 2 + (CH 30) 3CH 
CHoOH 
C 6H^S~ + CP 2 C 6H^SCP 2H + (C 6H^S) 3CH 
Since thiophenoxide ion is known to be strongly nu­
cleophilic, it was used In this case to capture the Inter­
mediate difluoromethylene^ which should be subject to nu­
cleophilic attack. The presence of sodium methoxide caused 
the thiophenoxide to react as much as 60 times as fast as 
It would have In the absence of added base. Considering 
their relative concentrations the thiophenoxide Ion was 
found to be more than 100 times as effective at capturing 
the methylene as methanol. Difluoromethyl phenyl sulfide 
was Isolated in more than 60 per cent yield In one run in 
the presence of added sodium methoxide. 
The other products of the reaction of sodium meth­
oxide and sodium thiophenoxide with chlorodifluoromethane 
were high boiling materials that were not characterized def­
initely, but triphenyl orthothioformate was believed to be 
present. 
To determine the products of the other paths of the 
reaction sodium thiomethoxide was used, In order to give 
lower boiling reaction products, which would be easier to 
separate and characterize. Difluoromethyl methyl sulfide, 
methyl orthomonothioformate, and methyl orthothioformate 
xi 
were isolated in 1+4.2, 6 . 0 , and 28 0 2 per cent yields respec­
tively based on the raethanethiol that reacted. The formation 
of trimethyl orthothioformate indicates the presence of a 
sulfur-containing methylene intermediate as in the following 
sequence of reactions; 
Difluoromethyl methyl sulfide was shown to be un-
reactive under the reaction conditions and therefore in­
capable of having produced trimethyl orthothioformate. It 
is unlikely that the thiomethoxide anion would attack any 
difluorothiomethoxycarbanion that might exist, since the like 
charges would repel each other. The remaining path Is that 
through a thiomethoxyfluoromethylene. The formation of this 
methylene would agree with the observed kinetic and synthetic 
results. In the kinetic study it was necessary to determine 
the acidity of methanethiol relative to methanol. This was 
done at varying ionic strengths using the indicator thymol 
blue. The equilibrium constant was determined for the fol­
lowing equilibrium 
C H P 2 C 1 + CH 3 0 
C F 0 + CHoS" 
C F 2 + C H 3 S " 
* ( C H o S K C H C H , S - C - F + 0H o S 
CH 0 SH + C R \ 0 ~ C H , S ~ + CH^OH 
The values obtained varied from about 100 to 3$0 over 
xii 
the ionic strength range of 0.02 to 0 . 5 5 . This equilibrium 
was far enough to the right so that only a few per cent of 
the methoxide ion existed in runs where methanethiol was in 
excess. This was sufficient to show the catalytic effect of 
methoxide Ion on the reaction. 
The difluoromethyl phenyl sulfide produced in the ear­
lier reactions was a liquid and decomposed unless stored over 
sodium carbonate. To increase its stability and raise its 
melting point it was oxidized to the sulfone with hydrogen 
peroxide in an acetic acid medium. The sulfone obtained 
melted at 25° and gave a satisfactory elemental analysis and 
molecular refractivity. The sulfone was studied synthetically 
to see what products, if any, were produced in the reaction 
with sodium methoxide and sodium thiophenoxide. In one run 
benzenesulfinic acid was isolated in over 5>0 per cent yield, 
difluoromethyl methyl ether in 39 per cent yield and difluoro­
methyl phenyl sulfide in over 22 per cent yield based on the 
reacting sulfone. 
A kinetic study showed that sodium methoxide cata­
lyzed the reaction between difluoromethyl phenyl sulfone and 
thiophenoxide ion. This fact and the products isolated show 
that the same methylene must be produced here as in the case 
of chlorodifluoromethane. As the sulfone reacted with meth­
oxide much slower than the haloform (20 times slower at a 
temperature If? degrees higher) it was thought that the sul­
fone might be undergoing a two step ̂ -elimination. To check 
this the deuterium exchange of the sulfone was studied and 
x I I I 
deuter iodi f luoromethyl phenyl sulfone was found to exchange 
deuterium f o r protium with a r a t e constant of 9 •54 x 10"^-
1 . mole"^ sec."-*- a t 0° in methanol. This r e s u l t showed a 
stepwise e(-elimination through a carbanion to be the mech­
anism of reac t ion f o r the su l fone . The deuterium exchange 
of deuter iodi f luoromethyl phenyl sulfone was a l so studied in 
water at 0° and the r a t e constant found was 6 . 0 0 x 1 0 " ^ 1 . 
mole"^ sec,"^, 
These r e s u l t s give a more complete understanding of 
o(-elimInation react ions and show in some degree how f l u o r i n e 
subs t i tuents on a carbon atom can a f f e c t i t s manner of 
r e a c t i o n . 
CHAPTER I 
INTRODUCTION 
In the past few years the research work on the mech­
anism of solvolysis of haloforms has more conclusively re­
vealed that these compounds react with basic reagents to 
form methylenes, intermediates different from those gener­
ally proposed for organic reactions 0 The mechanism has been 
designated as an oeelimination ( 1 ) * The examples studied 
have involved the reversible formation of a carbanion fol­
lowed by loss of halogen to give a dihalomethylene inter­
mediate which can react further to give the observed pro­
ducts. The mechanism is as follows? 
CX^H + base CX 3~ 
cx 3~ * cx 2 + X~ 
CX 2 —> products 
The discovery of this mechanism came from the fact 
that the reaction was much faster than would be expected 
from the generally accepted SJJ-2 mechanism ( 1 ) . As methylene 
halides are known to react much slower with nucleophilic re­
agents than do methyl halides, chloroform would be expected 
( 1 ) J. HIne, Journal of The American Chemlcal 
Society, 7 2 , 2k3& ( 1 9 5 0 ) * — ~ ~ ~ * 
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to be less reactive toward nucleophilic reagents than is 
methylene chloride. However, toward the more basic nucleo­
philic reagents, chloroform was found to be much more re­
active (2). While thiophenoxide reacted only slowly with 
chloroform in the absence of added hydroxide, its reaction 
rate increased In some cases 1000-fold in the presence of 
added hydroxide Ion (1). These results show that a mech­
anism other than a direct nucleophilic displacement must be 
taking place. The second step in the reaction has also been 
verified by the observation that added halide ions slow the 
reaction (3). Hine and Dowell found that when sodium fluo­
ride, nitrate and perchlorate were added individually to 
solutions containing chloroform the basic hydrolysis rates 
were the same within experimental error for each of these 
salts. When sodium chloride, bromide and iodide were added 
individually to the chloroform solutions, the rates of basic 
hydrolysis were decreased Initially. Their explanation was 
that chloroform was reacting to give a dichloromethylene 
intermediate which reacted with the added halide ion to form 
a haloform and thus slow down the disappearance of base. 
All of these experimental facts support the of»elimination 
mechanism. 
In the haloform series it would be of interest to see 
(2) P. Petrenko-Kritschenko and V. 0potsky r Berlchte 
der deutschen chemischen (resellschaft0 59B, 2131 (1926K 
(3) J. Hine and A. M. Dowell 9 Jr. ? Journal of The 
American Chemical Society. 76 a 2688 (19541„ 
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WHETHER ANY M E T H Y L E N E I N T E R M E D I A T E FORMED I N T H E C T - E L I M I N A -
T I O N COULD B E CAPTURED AND THE I M M E D I A T E PRODUCT O F CAPTURE 
I S O L A T E D D I R E C T L Y , AS T H I S WOULD G I V E MORE C O N C L U S I V E E V I ­
D E N C E F O R I T S E X I S T E N C E . T H E PRODUCTS I S O L A T E D THUS F A R I N 
HOMOGENEOUS HALOFORM S O L V O L Y S I S R E A C T I O N S A R E THOSE O F F U R ­
T H E R R E A C T I O N OF THE D I H A L O M E T H Y L E N E R E A C T I O N PRODUCT AND I N 
MOST C A S E S THEY C O N T A I N NO HALOGEN AT A L L ( I | . , 5> )« 
T H E MOST S T A B L E D I H A L O M E T H Y L E N E SHOULD HAVE THE 
LONGEST E X I S T E N C E AND M I G H T B E CAPTURED I N T H E H I G H E S T Y I E L D . 
R E C E N T WORK C O N C E R N I N G A H A L O G E N ' S A B I L I T Y TO SHARE ONE OF 
I T S E L E C T R O N P A I R S ( 6 , 7 ) , AND S P E C I F I C A L L Y I T S A B I L I T Y TO 
S T A B I L I Z E A D I H A L O M E T H Y L E N E I N T E R M E D I A T E ( 8 ) , I N D I C A T E S THAT 
F L U O R I N E W I L L P A R T I C I P A T E I N RESONANCE O F T H I S T Y P E B E T T E R 
THAN ANY OF THE OTHER H A L O G E N S . D I F L U O R O M E T H Y L E N E HAS B E E N 
R E P O R T E D AS AN I N T E R M E D I A T E I N S E V E R A L GAS P H A S E R E A C T I O N S , 
i k ) E . L . P O L L I T Z E R , A STUDY OF T H E R E A C T I O N S O F 
A L K A L I M E T A L A L K O X I D E S W I T H H A L O F O R M S 9 P H . D . T H E S I S , 
G E O R G I A I N S T I T U T E OF T E C H N O L O G Y , A T L A N T A , G E O R G I A , 1 9 5 3 * 
( 5 ) J * H I N E , A . M . D O W E L L , J R . , AND J . E . S I N G L E Y , J R . , 
JOURNAL OF THE A M E R I C A N C H E M I C A L S O C I E T Y . 7 8 , 4 7 9 ( 1 9 5 6 ) . 
( 6 ) R . W . T A F T , J R . , I B I D . , 7 9 , l Q k - 5 ( 1 9 5 7 ) . 
( 7 ) CO K«. I N G O L D , S T R U C T U R E AND M E C H A N I S M I N O R G A N I C 
C H E M I S T R Y ^ C O R N E L L U N I V E R S I T Y P R E S S , I T H A C A , N « , Y . , " T 9 5 3 7 
P P . 75-W' 
( 8 ) J . H I N E * N D S . J . E H R E N S O N , JOURNAL OF T H E 
A M E R I C A N C H E M I C A L S O C I E T Y , 8 0 , Q2l± ( 1 9 5 8"H 
a f a c t t h a t f a r t h e r subs tant ia te s i t s r e l a t i v e s t a b i l i t y 
( 9 , 1 0 , 1 1 , 1 2 ) . Since f luor ine i s usually r e l a t i v e l y unreac-
t i v e in sa tura ted organic compounds, i t might be possible 
to capture the difluoromethylene without the captured p r o ­
duct undergoing f u r t h e r r e a c t i o n and prove the ex i s tence of 
a methylene s y n t h e t i c a l l y . 
I t has been shown that the haloform deuteriobromo-
difluoromethane does not undergo deuterium exchange with 
the solvent but goes d i r e c t l y to the difluoromethylene 
intermediate ( 1 3 ) . One reason f o r th i s haloform to avoid 
carbanion formation i s undoubtedly the lack of a b i l i t y of 
f luor ine to s t a b i l i z e a carbanion ( 1 1 1 ) . Here the high ener-
gy required f o r f luor ine to expand I t s outer e l e c t r o n i c 
o c t e t would explain why i t i s the poorest of the halogens 
a t f a c i l i t a t i n g carbanion formation, despite i t s high 
e l e c t r o n e g a t i v i t y . 
( 9 ) Dacey and J . Hodgins, Canadian Journal of 
Research, 2 8 B , 9 0 , 1 7 3 ( 1 9 5 0 ) . 
( 1 0 ) P . Venkateswarlu, Physical Reviews, 7 7 , 6 7 6 
( 1 9 5 0 ) . 
( 1 1 ) R« K. L a i r d , E . B . Andrews and R. P . Barrown, 
Transact ions of The Faraday S o c i e t y , I4.6, 8 0 3 ( 1 9 5 0 ) . 
( 1 2 ) J . L« Margrave and K. Wieland, Journal of 
Chemical Phys ic s , 2 1 , 1 5 5 2 ( 1 9 5 3 ) | and re ferences eilled 
therein* 
( 1 3 ) J . Hine and P . B . Langford, Journal of The 
American Chemical S o c i e t y , 7 9 , 5 4 9 7 ( 1 9 5 7 * n 
( 1 4 ) J« Hine, N. W. Burske, M. Hine and 
P. B . Langford, I b i d . , ]99 1 4 0 6 ( 1 9 5 7 ) . 
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Another point of interest is that orthoesters are 
among the major products in the alcoholic solvolysis of halo-
forms. If the difluoromethylene intermediate could be cap­
tured by a nucleophilic reagent to give as an initial pro­
duct, a relatively unreactive species, it might be possible 
to learn whether the orthoesters isolated were formed by 
attack of the nucleophile on this initial product or by a 
separate reaction path. 
To carry out this research the haloform chlorodifluoro-
methane was chosen as the most readily available source of 
difluoromethylene. It was decided to study the reaction of 
this haloform with sodium methoxide and sodium thiophenoxide 
with the hope of capturing the difluoromethylene Intermediate. 
The results of these experiments might better explain the 




Reaction of Chlorodifluoromethane with Sodium Me thoxide 
( l 5 ) • Seventy-two grams ( 3 - 1 moles) of sodium was dis­
solved in about 600 ml. of methanol in a one-liter 
three-neck flask equipped with a frltted-glass gas-Inlet 
tube and a -80° reflux condenser. Chlorodifluoromethane 
was then admitted to the flask rapidly causing an exo­
thermic reaction. After 90 minutes the continual return 
of cold product from the reflux condenser had caused so 
much cooling that the reaction was proceeding rather slowly. 
Therefore the admission of haloform was Interrupted and 
after allowing a few minutes for the residual haloform to 
react and the Dry Ice in the condenser to sublime the re­
action flask was heated until methanol began to reflux, the 
more volatile products being collected In a trap at - 8 0 ° . 
The admission of chlorodifluoromethane was resumed until 
the reaction appeared to be essentially complete and the 
distillation of volatile material repeated. 
During the reaction a large amount of salt had pre­
cipitated from the reaction mixture. This was collected on 
a filter, washed with methanol, dried and found to weigh 
( l 5 ) J. Hine and J. J. Porter, Journal of The 
American Chemical Society, 7 9 , 5493 (195771 
7 
130 g o Titration for chloride (Fajans) and fluoride (16) 
and for base showed that the material included 87.0 g. 
(l.li.9 moles) of sodium chloride and i]2.ij. g . (1.01 moles) of 
sodium fluoride and 0.01 mole of base. The methanolic fil­
trate was fractionally distilled through a 30-inch column 
packed with glass helices, giving as the only products 
methanol (containing some trimethyl orthoformate) and pure 
trimethyl orthoformate (b.p. 98=99.5° at 7^0 mm.—infrared 
spectrum identical to that of authentic material). In­
cluding the material present in the methanol (analyzed by 
infrared measurements), 5l g. (0.1^8 mole) of trimethyl 
orthoformate was obtained. 
through a 2 ft. column packed with glass helices and equipped 
with condensers through which refrigerated glycol-water was 
circulated. 
The fraction boiling at -I4.0 at 7^0 mm. occupied Sk- ml. 
at -80°, but it was clear that not all of the material was 
being condensed by the coolant which was at -8°. The infra­
red spectrum of this material is shown in Figure 3« This 
difluoromethyl ether is rather unstable, decomposing on 
standing to liberate hydrogen fluoride. When about 0.5 ml. 
of sulfuric acid was added to about 10 ml. of the material 
refluxing at there was a slow evolution of gas that was 
(16) I. M. Kolthoff and E. B. Sandell, Textbook of 
Quantitatlve Inorganic Analysis. 3rd Ed., The Macmillan So., 
The volatile material collected at -80° was distilled 
8 
not condensed in the -80° reflux condenser. Infrared measure­
ments showed that this gas contained carbon monoxide. The 
reflux condenser was then removed, the difluoromethyl ether 
allowed to evaporate and the remaining solution heated to 50° 
with the evolution of gas. This gas, collected after passage 
through a short tube filled with sodium hydroxide pellets, 
had an infrared spectrum identical to that of methyl formate 
except for a band at 9«75^i* probably due to silicon tetra-
fluoride ( 1 7 ) . 
Prom data on related compounds the density of difluoro­
methyl methyl ether at -80° is estimated as 1 . 1 0 . Thus the 
yield of this product is 59 g* ( 0 . 7 2 mole) or I4.8 per cent 
based on the haloform reacted (sodium chloride formed). 
Since a 32 per cent yield of trimethyl orthoformate was ob­
tained, 80 per cent of the haloform that reacted was accounted 
for. Prom the relative yields of chloride and fluoride a 
3i i per cent yield of the orthoester and 66 per cent of the 
difluoromethyl ether would be expected. 
Kinetics of the Reaction of Chlorodifluoromethane with 
Sodium Methoxide at 35° •—To a 250 ml. volumetric flask was 
added 100 ml. of 0.0930 M chlorodifluoromethane. The flask 
was then placed in a constant temperature bath and allowed to 
equilibrate. Twenty-five milliliters of 0 .3 M NaOMe, at 3 5 ° , 
was pipetted into the flask which was then filled to the mark 
( 1 7 ) K. W. P. Kohlrausch, Der Smekal-Raman-Effekt, 
Erganzungsband, 1931-1937 (J. Springer, Berlin, 193BTT 
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with methanol at 3 5 ° . At intervals of time 2$ ml. samples 
were withdrawn and placed in a flask containing 0 .1052 M 
£-toluenesulfonic acid to stop the reaction and then the 
excess acid was back-titrated with 0*05116 M sodium hydrox­
ide using p-nitrophenol as an indicator* 
To determine f Q, the fraction of orthoester formed in 
this reaction from equation 1 , eight 25 ml. volumetric 
flasks containing 20 ml. of O.Olj.5 M chlorodif luorome thane 
were placed in a constant temperature bath at 35°« To each 
was added 1 ml. of 0.8 M sodium methoxide and sufficient 
methanol to fill the flask to the marko At intervals of 
time the flasks were removed from the bath and the contents 
emptied into a flask containing 0*1138 M perchloric acid to 
stop the reaction. The excess acid was back-titrated with 
0.0776 M sodium hydroxide using £-nitrophenol as an indica­
tor. The solution was then titrated for chloride content 
using 0.0IL80 M silver nitrate (Fajans) ( 1 6 ) . These results 
are shown in Table 7© 
Kinetics of the Reaction of Chlorodifluoromethane with 
Sodium Methoxide and Sodium Thiophenoxide at 35°.--To a 100 
ml. volumetric flask was added 25 ml. of 0 .555 M chloro­
dif luoromethane and after half an hour in a constant temper­
ature bath 1 .54 ml. of thiophenol was syringed into the 
flask and 8 ml. of 3©5 M sodium methoxide added. The time 
was recorded and the flask was filled to the mark with 
methanol, shaken and placed back in the bath. At intervals 
10 
of time 10 ml. samples were withdrawn and placed in a flask 
containing 0.2226 M hydrochloric acid. The excess hydro­
chloric acid was back-titrated with 0.0f>12 M sodium hydrox­
ide using £-nitrophenol as an indicator. To determine the 
thiophenol concentration the solution was titrated with 
0.0269 M methanolic iodine to an iodine color. The first 
sample was used to determine the Initial concentration of 
sodium methoxide and sodium thiophenoxide. The results of 
this run are shown in Table 2. 
A second run was made in the same manner except that 
thiophenol was used In excess to give a methoxide-free solu­
tion. The results of this run are shown In Table 8 . 
Reaction of Chlorodlf1uoromethane with Sodium Methoxide and 
Sodium Thlophenoxide.—One hundred and eighty-five grams 
(8.0ij. moles) of sodium was dissolved in about 1600 ml. of 
methanol in a two-liter three-neck flask equipped with a 
stirrer, Dry Ice-cooled reflux condenser and a gas dispersion 
tube. To the flask was added 168 g. ( 1 . 5 3 moles) of thio­
phenol with stirring and then chlorodifluoromethane was bub­
bled into the reaction mixture. The reaction temperature 
dropped from 6î ° down to 50° at which time the gas addition 
was discontinued and the Dry Ice allowed to sublime from the 
condenser. The flask was then heated to remove the difluoro-
methyl methyl ether produced In the reaction. When the flask 
temperature reached 6I4.0 the heating was stopped and Dry Ice 
placed in the condenser and the gas addition continued. After 
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10 hr. the aeidimetric and lodlmetrie titrations showed that 
only 0.02 moles of sodium methoxide and 0.05 moles of sodium 
thiophenoxide remained. At this point the reaction was 
stopped and the Dry Ice condenser removed. After 800 ml. of 
methanol was distilled from the reaction mixture, it was 
poured into 5 liters of water. The insoluble organic layer 
was taken up in one liter of methylene chloride and washed 
twice with alkali. The aqueous solution was extracted with 
two 300 ml. portions of methylene chloride which were com­
bined with the original extract. Methylene chloride was then 
removed from the organic solution by distillation. Distil­
lation of the residue yielded 153 g. of a material boiling 
at 7^ -76° (20 mm.) having an infrared spectrum (shown in 
Figure \±) identical to dif luoromethyl phenyl sulfide isolated 
and identified by Dr. Hine in a similar run ( 1 5 ) . The fur­
ther distillation over a temperature range of 175° to 196° at 
a pressure of 1 mm. yielded i\.0 g. of yellow oil. This oil was 
thought to contain triphenyl orthothioformate but no pure 
material could be isolated* Infrared spectrum shown in Fig. 5 . 
Synthesis of Difluoromethyl 2-Kaphthyl Sulfone.—The reaction 
of 25 g. ( 0 .16 mole) of 2-naphthalenethiol and 0.30 mole of 
sodium methoxide with chlorodifluoromethane in 500 ml. of 
methanol was carried out using the same apparatus and proce­
dure outlined above for the reaction of sodium thiophenoxide 
and sodium methoxide with chlorodifluoromethane. After the 
reaction was assumed to be complete the mixture was poured 
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Into 500 ml. of n-pentane and extracted with two 200 ml. 
portions of one molar sodium methoxide and then with two 200 
ml. portions of water to remove any methanol and dried with 
Drierite. The n-pentane was removed using a water aspirator 
leaving about 8.0 ml. of a thick oil. 
About two milliliters of the oil was placed in a 50 
ml. flask with 10 ml. of glacial acetic acid. The flask was 
fitted with a reflux condenser and heated to 1 0 5 ° . Then 5*0 
ml. of 90 per cent hydrogen peroxide was added slowly to 
the solution. After all of the hydrogen peroxide was added 
to the solution it was allowed to reflux for two hours. 
The solution was then cooled and poured Into 50 ml. of water. 
One methanollc recrystallization of the solid obtained 
yielded 1 .5 g. of white crystals melting at 5 7 . 2 - 5 8 . 0 ° # 
This material was believed to be difluoromethyl 2-naphthyl 
sulfone and its infrared spectrum is shown in Figure 6 . 
Analysis calculated for C ^ H g F ^ : C, 5 4 . 5 4 ; H > 3 . 3 1 ; 
F, 1 5 . 7 0 ; S, 1 3 . 2 2 . Found: C, 5 4 . 8 3 , 5 4 . 7 8 ; H, 3 . 4 5 , 3 . 6 0 ; 
P, 1 5 . 6 8 , 1 5 . 6 9 ; S, 1 2 . 9 6 , 1 2 . 7 1 . 1 
Reactivity of Difluoromethyl Phenyl Sulfide Toward Sodium 
Methoxide and Sodium Thiophenoxide.—To a 250 ml. volumetric 
flask was added 100 ml. of a solution 1.8 M in sodium methox­
ide and 2 .2 M in sodium thiophenoxide. The flask was placed 
in a constant temperature bath at 5 0 ° . After half an hour 
20.50 g. (0 .128 mole) of difluoromethyl phenyl sulfide was 
•'"All analyses were done by Clark Microanalytical 
Laboratory, Urbana, Illinois. 
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added to the flask which was then filled to the mark with 
methanol at 50° and the time recorded. The flask was shaken 
and placed back in the bath. Twenty milliliter samples were 
withdrawn at time intervals and titrated with standard 1.3623 
M hydrochloric acid using £-nitrophenol indicator and then 
titrated with 0.5674 H methanolic iodine solution to the 
color of iodine. The results are shown in Table 19• 
Determination of the Acidity of Methanethiol Toward Methanol.— 
To determine the acidity of methanethiol relative to methanol, 
thymol blue ( l 8 ) was used as an indicator. The basic form 
o 
of the indicator had a maximum at 5850 A. at which the neu­
tral form showed negligible absorption. Solutions were made 
up containing various amounts of 1 M methanolic sodium per-
chlorate (which showed no effect on the absorption of the in­
dicator), standard sodium methoxide, and standard indicator 
solution to obtain values for the indicator constants over 
the desired ionic strength range. The indicator constants 
calculated from these solutions indicated that an acidic im­
purity might be present. The values obtained for the indi­
cator constants at approximately the same ionic strength, 
but different methoxide concentrations, differed by an amount 
greater than that attributed to experimental procedure. If 
the indicator constants were calculated assuming a 8 x 10*"̂ " 
equivalents of acid impurity per mole of sodium perchlorate 
(18 ) I. M. Kolthoff and L . S. Guss, Journal of The 
American Chemical Society, 60, 25 l6 ( 1 9 3 8 ) . 
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used and a 6 x 10"^- N acidic impurity in the methanol we got 
good agreement for the indicator constants at the same ionic 
strength. Fifty milliliters of 1 M aqueous sodium perchlorate 
solution was later found to require 3«5 ml. more 0 . 0 0 3 M 
sodium hydroxide to raise the pH of the solution to 9 . 5 than 
the same volume of water. While this titration was not accu­
rate, it showed that the value we used was reasonable. The 
assumption that an acid impurity was in the methanol was not 
verified, but the alcohol had been distilled under air and 
could have absorbed carbon dioxide. A plot of the logarithm 
of the indicator constants versus ionic strength is shown in 
Figure 1 and the data in Table 20 . 
Measurements on analogous solutions containing known 
concentrations of methanethiol gave values for the equilibrium 
constants over the same ionic strength range. A plot of the 
logarithm of the equilibrium constants versus ionic strength 
is shown in Figure 2 and the data in Tables 21 and 22 . 
Reaction of Chlorodifluoromethane with Sodium Methoxide and 
Sodium Thiomethoxide.--A solution of 1500 ml. of 4.8 M sodium 
methoxide in methanol was prepared in a three-neck flask with 
a stirrer and Dry Ice-cooled condenser and 55 g« (l . l5 moles) 
of methanethiol was added. Chlorodifluoromethane was then 
bubbled Into the solution causing the temperature to rise to 
about 6 0 ° but then to fall as the cold difluoromethyl methyl 
ether (b.p. - 5 ) dripped back into the flask. On four occa­
sions the addition of haloform was interrupted and some of 
the difluoromethyl methyl ether permitted to distill into a 
cold trap. After seven hours of reaction time a sample with­
drawn from the reaction mixture was found to be only 0.1 M in 
total base and so the addition of haloform was stopped; 350 
ml. of 7 M sodium methoxide was added to react with any re­
maining haloform and to prevent the distillation of any methane­
thiol present. The material in the cold trap was added to 
the flask whose contents were then fractionally distilled. 
The 110 ml. of material boiling between - 5 and 20° (largely 
between - 5 and 5° ) was assumed to be mostly difluoromethyl 
methyl ether. The \\$ ml. collected between 20° and 64° was re-
fractionated to give 2 g., b.p. 28-40° , 2 .3 g«, b.p. 40-1+1.1° 
and 24.5 go, b.p. 4 1 . 1 - 4 1 . 5 , n ^ 0 * 8 1.3723, d| 0* 8 1.1339. 
Prom Its boiling point, molecular refraction (calcd. 19.20, 
found 19.66) (19), method of preparation, infrared spectrum 
(shown in Figure 7 ) and analysis, it is believed that this 
material is difluoromethyl methyl sulfide. 
Analysis calculated for C^H^F^S: C, 24 .48 ; H , 4*>H; 
F, 3 8 . 7 3 ; S, 3 2 . 6 8 . Founds C, 2 5 . 4 7 ; H, 4 . 4 8 ; F, 8 . 6 3 , 
4 0 . 3 4 , 3 9 . 8 7 ; S, 3 0 . 4 3 . 
The methanol was largely removed from the remainder of 
the reaction mixture by fractional distillation and 1200 ml. 
of petroleum ether was added to the residue. The residue was 
filtered to remove the salts, which were washed with more pe­
troleum ether. The hydrocarbons were distilled from the 
(19 ) N. A. Lange, Handbook of Chemistry,, 6th Ed., 
McGraw-Hill Book Co., Inc., New Yor¥J N.Y., 1946, p. 1025 . 
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combined organic phase, which was then fractionated in vac­
uum, to give Ii. 1L2 g. boiling point up to IiO° (12 mm.), 4 * 2 g* 
b.p. I±0° (12 mm.), 2.2 g. b.p. 40-89° (12-7 mm.), and 8.2 g. 
b.p. 89° ( 7 mm.). 
The second fraction, n^J- 1 . 4510 , dĵ J- 1 . 0234 , is be­
lieved to be trimethyl orthomonothioformate, molecular re­
fraction calculated 31.93, found 32.10 (19). 
Analysis calculated for C^H 1 ( ) 0 2S: C> 39.32; H, 8 . 2 5 ; 
S, 26 . 2 4 . Pound: C, 39 . 5 1 , 39. I A ; H, 7.79, 7 . 8 0 ; S, 26 . 7 5 , 
26.71. 
The fourth fraction, m.p. 15.5-16.0 , n ^ 8 ^ 1 . 5 6 7 0 , 
d 2 8 . 5 i #i309, molecular refraction calculated 44*48, found, 
44 .48 , was found to have an infrared spectrum (shown in 
Figure 8) identical to that of trimethyl orthothioformate 
prepared from formic acid and methanethiol by the method of 
Houben and Schultze (20), who reported a m.p. of 16° and a 
b.p. of 96° (7 m m . ) . 
Iodimetric titrations showed that 0 . 57 mole of methane­
thiol had reacted so that the yields of difluoromethyl methyl 
sulfide ( 4 8 $ ) , trimethyl orthothioformate (28$) and trimethyl 
orthomonothioformate (6$) accounted for 82 per cent of the 
methanethiol that reacted. 
Kinetics of the Reaction of Chlorodifluoromethane with Sodium 
Methoxide and Sodium Thiomethoxide at 3 5 ° . — T w o kinetic runs 
were made in 100 ml. volumetric flasks. Forty milliliters 
(20) J. Houben and K. M. L« Schultze, Berichte der 
deutschen chemischen Gesellschaft, 44 , 3235 (1911)« 
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of 0 .3754 M methanolic chlorodifluoromethane solution was 
pipetted Into each flask, which was then placed in a con­
stant temperature bath and allowed to equilibrate. To one 
flask 4° ml» of a 35° solution, 1.07 M in sodium methoxide 
and 0 .5 M in sodium thiomethoxide was added. The flask was 
filled to the mark with methanol at 35°» the time was re­
corded and the flask shaken and placed back in the bath. 
To the other flask 50 ml. of a solution 1 .0 M in sodium 
thiomethoxide and 0 .3 M in methanethiol was added using the 
same procedure. At intervals of time 10 ml. samples were 
pipetted from the volumetric flasks into cold Erlenmeyer 
flasks. The Erlenmeyer flasks were then placed in a beaker 
of ice water and first titrated with 1.036 N sulfuric acid 
using £-nitrophenol indicator and then titrated with 0.2500 
M methanolic iodine using the color of iodine for the end 
point. The results are shown in Table 3 and Table 4« 
Reactivity of D1f1uoromethy1 Methyl Sulfide Toward Sodium 
Methoxide and Sodium Thiomethoxide.—Two grams of sodium 
was dissolved in 50 ml. of methanol in a volumetric flask. 
After the sodium dissolved about two grams of methanethiol 
was added to the flask. The flask was placed in a constant 
temperature bath at 5 0 ° . After half an hour 2.00 ml. (0 .023 
mole) of difluoromethyl methyl sulfide was added to the flask 
which was then filled to the mark with methanol at 50° and 
the time recorded. The flask was shaken and placed back in 
the bath. Ten milliliter samples were withdrawn at time 
intervals and titrated with standard 1.036 N sulfuric acid 
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using £-nitrophenol indicator and then titrated with 0 .05 M 
methanolic iodine solution to the color of Iodine. The re­
sults are shown in Table 11. 
Oxidation of Difluoromethyl Phenyl Sulfide to Difluoromethyl 
Phenyl Sulfone.—'The tendency of difluoromethyl phenyl sul­
fide to become cloudy, then red, with the liberation of 
hydrogen fluoride, in the absence of added sodium carbonate, 
caused us to transform it to the more stable sulfone as 
follows % About 14 g. (0 .4 mole) of 90 per cent hydrogen per­
oxide was dropped into a solution containing 21 . 5 g* (0.13 
mole) of difluoromethyl phenyl sulfide and 60 g. of glacial 
acetic acid at about 105°* After slow addition of the hy­
drogen peroxide over a four hour period, most of the acetic 
acid was removed by distillation. The remainder of the re­
action mixture was poured into water and the organic layer 
taken up in ether, washed with alkali and dried with Drierite, 
The ether was evaporated and the residue distilled at 7 mm. 
Prom the residue was isolated l 5«0 g. of material boiling at 
115-120°, n^5 1.4996, d^5 1 , 3 8 1 9 , m.p. 24 .7 -25-0°. The 
molecular refraction of this compound was calculated using 
the values listed in Lange's Handbook (19), and an average 
value of 8.49 % 0.02 for the - S O 2 - group calculated from 
three cyclic sulfones reported by Grishkevich-Trokhimovskil 
(21). The value calculated was 39*21, found 4 ° . 8 8 . The 
(21) E 0 Grishkevich-Trokhimovskil, Journal of The 
Russian Physical Chemistry Society 9 48 , 880,901 (191o"). 
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infrared spectrum of this sulfone is shown in Figure 9 . 
Analysis calculated for CjE^O^>F2'c C, 4 3 . 7 0 ; 
H, 3 . 1 2 ; S, 1 6 . 6 6 ; F, 19 .90. Found: C, 4 2 . 9 1 ; H, 3 . 2 4 ; 
S, 1 5 . 8 4 , 16 .99 , 17.03; F, 2 2 . 1 1 , 20 .08 , 2 0 . 3 6 . 
Reaction of Difluoromethyl Phenyl Sulfone with Sodium 
Me thoxide .--Six grams of difluoromethyl phenyl sulfone was 
placed in a 50 ml. flask along with 35 ml. of 4*4 M sodium 
methoxide solution. The flask was fitted with a water 
cooled condenser and a Dry Ice trap was attached to the 
outlet of the condenser. The solution was boiled for 5 hr« 
and then allowed to cool. The infrared spectrum of the 
material caught in the Dry Ice trap ( 1 - 2 ml.) showed it to 
be essentially pure difluoromethyl methyl ether. 
The material In the flask was poured into 200 ml. 
of water and a 40 ml. sample containing mostly methanol was 
distilled from the flask. The remaining solution was ex­
tracted with 50 ml. of ether and the ether extract dis­
carded. The solution was then made strongly acidic with con­
centrated hydrochloric acid and extracted with 100 ml. of 
ether. The ether extract was evaporated to dryness and the 
remaining solid was taken up in water at 80° . The solution 
was allowed to stand overnight in a refrigerator and then 
filtered. The crystals obtained were washed with water and 
dried overnight in an evacuated desiccator, giving about 1 g. 
of material melting at 8 2 . 7 - 8 3 . 7 °« This material was be­
lieved to be benzenesulfinic acid (lit. value 83-84° for 
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melting point (22) ). 
Kinetics of the Reaction of Difluoromethyl Phenyl Sulfone 
with Sodium Methoxide at 50°_ .~ Twenty milliliters of a one 
molar solution of sodium methoxide was pipetted into a 100 
ml. volumetric flask along with 60 ml. of methanol. The 
flask was placed in a constant temperature bath and allowed 
to equilibrate 30 min. Two milliliters of difluoromethyl 
phenyl sulfone was added with a syringe and the time re­
corded. The flask was filled with methanol, shaken and 
placed back in the bath. At intervals of time 10 ml. 
samples were removed and titrated with 0.2195 M hydrochloric 
acid using £-nitrophenol indicator. The results of this 
run are shown in Table 5» 
An additional run was made with a larger excess of 
sodium methoxide to difluoromethyl phenyl sulfone to de­
termine the ratio of base used per mole of difluoromethyl 
phenyl sulfone reacting. The results of this run are shown 
in Table 13. 
Kinetics of the Reaction of Difluoromethyl Phenyl Sulfone 
with Sodium Methoxide and Sodium Thiophenoxide at 50°»—The 
procedure here was the same as that used for the kinetics of 
difluoromethyl phenyl sulfone with sodium methoxide alone, 
except that thiophenol was added. The sodium benzenesulfinate 
formed in the reaction interfered with the iodine titration 
(22) E. Knoevenagel and J. Kenner, Berichte der 
deutschen chemise hen Gesellschaf t. l\l9 3315 (1905). 
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of thiophenol. It was found that thiophenol could be titrated 
quantitatively with standard sodium hydroxide using the yellow 
to blue color change of thymol blue for the end point. When 
samples were removed from the kinetic run, they were first ti­
trated with 0.2195 M hydrochloric acid using £-nitrophenol in­
dicator „ This converted all of the sodium thiophenoxide to 
thiophenol. A few drops of methanolic thymol blue were added 
and the solution titrated with 0.297 M sodium hydroxide until 
the blue color of thymol blue appeared. The results of this 
run and an additional run with excess thiophenol are shown in 
Table 6 and Table 1 2 . 
Reaction of Difluoromethyl Phenyl Sulfone with Sodium Methoxide 
and Sodium Thiophenoxide .—Twelve grams ( 0 . 5 3 mole) of sodi­
um was dissolved in 300 ml. of methanol in a 500 ml. three-neck 
flask fitted with a stirrer^ thermometer and a water-cooled 
reflux condenser with the outlet attached to a Dry Ice trap. 
Twenty-three grams (0 .21 mole) of thiophenol and 26.5 g« 
( 0 .138 mole) of difluoromethyl phenyl sulfone were added to 
the flask which was heated to about 50° for 2l± hours and then 
6I4.0 for an additional 2I4. hr. At this time the reaction was 
stopped and a sample titrated acidimetrically using standard 
acid with £-nitrophenol indicator and then back-titrated with 
standard base to the yellow-to-blue color change of thymol 
blue. There remained 0.16 mole of sodium methoxide and 0 .15 
mole of sodium thiophenoxide unreacted. 
In the Dry Ice trap was isolated over i|. ml. of a ma­
terial having an Infrared spectrum Identical to the 
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difluoromethyl methyl ether isolated and identified in ear­
lier reactions. If the density of this material is estimated 
as 1 .10 at -80° this corresponds to 1I.1L g. ( 0 .054 mole) of 
difluoromethyl methyl ether or a 39 per cent yield based on 
the starting difluoromethyl phenyl sulfone. 
One hundred and seventy milliliters of methanol was 
distilled from the reaction flask and the concentrated solu­
tion poured into ILOO ml, of water. The aqueous solution was 
extracted with two 200 ml. portions of ether and the ether 
extracts combined. The ether extract was then distilled and 
at 65° (10 mm.) 1 L . 9 8 g. (22 per cent) of difluoromethyl phenyl 
sulfide (identified by its infrared spectrum) was obtained. 
To remove the unreacted thiophenol, the aqueous layer 
was acidified with 6 M hydrochloric acid to a pH of 5 . 0 , 
using a Beckman pH meter and extracted with two 300 ml. por­
tions of ether. The aqueous solution was then acidified to 
a pH of 0 .5 and cooled in a refrigerator overnight. Some 
white crystals were filtered, washed and dried in a desiccator 
at 1 mm. pressure overnight. These crystals had a melting 
point of 8 1 . 5 - 8 2 . 5 ° and weighed 2 .50 g. A 0.21!L5 g. sample 
of this material required 5 0 . 5 ml. of 0.0297 M sodium hydrox­
ide for neutralization using £-nitrophenol indicator. This 
corresponds to a neutralization equivalent of ll|3. This ma­
terial was believed to be benzenesulfinie acid, neutrali­
zation equivalent 11L2, m.p. 83 -81L° ( 2 2 ) . The mother liquor 
was extracted with 200 ml. of ether and the ether removed 
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from the extract using a water aspirator. This yielded 7 .8 
g. of a white solid that melted at 72 -74° after having been 
dried overnight in an evacuated desiccator. The combined 
weight of the two crops of crystals obtained corresponds to 
a 52 per cent yield of benzenesulfinic acid based on the 
starting difluoromethyl phenyl sulfone. 
Determination of the Extinct!on Coefficients of Deuterio­
difluoromethyl Phenyl Sulfone and Difluoromethyl Phenyl 
Sulfone in Carbon Disulfide.—A sample of the sulfone, 
about 0.1 g., was accurately weighed into a tared 10 m l 0 
flask with a ground glass stopper. Then a two ml. sample 
of carbon disulfide was accurately weighed into the flask 
and the solution swirled. A portion of this solution was 
then syringed Into a 0 .025 mm. sodium chloride infrared cell. 
Using a scale of 40 inches per micron, resolution of 980, 
pen response of 2jl, automatic suppression of eight, gain of 
five, and a speed of three, the extinction coefficients were 
determined for five absorption peaks for the deuteriated and 
undeuteriated compounds (deuteriosulfone spectrum in Pig. 1 0 ) . 
The averages of three determinations for each of the 
extinction coefficients are shown in Table l 5» The minimum 
deuterium content of the sulfone was based on the weakest 
deuteriodifluoromethyl phenyl sulfone absorption peak. At 
12.093^4, where Eg = 1.0106 and Ep = 0.1717 for the 0 .025 mm. 
infrared cell, a value of 0.019 was obtained for the optical 
density for a 0.1117 M deuterio-sulfone solution. If this 
absorption was assumed to be due only to the protiurn compound 
2fc 
it corresponds to 17 per cent difluoromethyl phenyl sulfone. 
Kinetics of the Deuterium Exchange of Deuteriodifluoromethyl 
Phenyl Sulfone with Methanol at 0°.—Fifteen milliliters of 
0.079 M sodium methoxide was pipetted Into a 50 ml. volu­
metric flask which was placed in an ice-water bath and al­
lowed to equilibrate. Following this, 0.50 ml. of deute-
riated compound was syringed into the flask, which was then 
filled with methanol at 0°. The flask was shaken and the 
time recorded. At intervals of time 10 ml. samples were 
pipetted into 70 ml. of 0.2 M hydrochloric acid and extracted 
with 1 .5 ml. of carbon disulfide. The carbon disulfide ex­
tracts were dried with a few pieces of silica gel and then 
the Infrared absorption measured to determine the concentra­
tions of protiated and deuteriated sulfone. 
An additional run was made using lj.5 ml. of 0.079 M 
sodium methoxide in the same procedure as above. The re­
sults of these two runs are shown in Table 15 and Table 16. 
Kinetics of the Deuterium Exchange of Deuteriodifluoromethyl 
Phenyl Sulfone with Water at 0°.—Four hundred milliliters 
of distilled water and 0.2L5 ml. of deuteriated sulfone were 
placed in a 500 m i # volumetric flask and shaken well. The 
flask was then equilibrated in an ice-water bath. Fifteen 
milliliters of 0.0297 M sodium hydroxide at 0° was added, the 
time recorded and the flask shaken and placed back in the 
ice-water bath. At intervals of time 100 ml. samples were 
pipetted into a separate flask containing 10 ml. of 0 .5 M 
hydrochloric acid to stop the reaction. The solutions were 
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then extracted with l o0 ml. portions of carbon disulfide. 
The carbon disulfide extracts were dried with a few pieces 
of silica gel and then the infrared absorption measured to 
determine the extent of deuterium exchange. An additional 
run was made using 20 ml. of 0 o297 M sodium methoxide using 
the same procedure as above. The results of these two runs 
are shown In Table 17 and Table 1 8 . 
Reagents.—All methanol was purified by FieserJs (23) method 
using magnesium. The chlorodifluoromethane used was ob­
tained from Matheson Chemical Company and contained less 
than 2 per cent dichlorofluoromethane by infrared analysis. 
The thiophenol, Eastman white labels was used without fur­
ther purification. Methanethiol was used directly from a 
lecture bottle obtained from the Matheson Chemical Company0 
Sodium and carbon disulfide were Baker8s reagent grade 
chemicals. The Indicators jpj-nitrophenol and thymol blue 
were both Eastman white label chemicals. 
(23) L . P. Fieser, Experiments In Organic Chemistrya 3rd Ed., D« C. Heath and Co., Boston, 1^55, P« 259. 
CHAPTER III 
RESULTS 
The Reaction of Chlorodifluoromethane with Sodium Methoxide 
(15).—-The only organic products observed in the reaction of 
chlorodifluoromethane and sodium methoxide In methanol were 
methyl orthoformate and difluoromethyl methyl ether. Al­
though the difluoromethyl ether, a new compound, was not an­
alyzed because of its tendency to decompose on standing, the 
following evidence exists for its structure. Its method of 
preparation Is analogous to that used for difluoromethyl 
ethyl ether (24) and difluoromethyl Isopropyl ether (25)« A 
survey of twenty-seven series of methyl, ethyl and isopropyl 
compounds (19) showed that the difference in boiling point 
between the methyl and ethyl compounds was 3 . 0 to 12.9° 
(av. 8 .7 t 2 .6 ) greater than between the ethyl and isopropyl 
compounds. In view of this the boiling point of difluoro­
methyl methyl ether ( - 4 ° ) is quite plausible considering the 
values reported for the ethyl ( 2 3 . 7 ° ) and isopropyl (44»5°) 
analogs. Since an alkoxy substituent is known to activate a 
- C P 2 - group so that its acid hydrolysis to a carbonyl group 
(2i+) A. L. Henne and M. A. Smook, Journal of The 
American Chemical Society,, 7 9 , 5493 (1957).> 
(25) J. Hine and K. Tanabe, Ibid., 7 9 , 2654 ( 1 9 5 7 ) * 
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occurs readily (2l±), we carried out the sulfuric acid-
catalyzed hydrolysis of our material and identified methyl 
formate as a reaction product. 
H 2S0^ 
HCP2OCH3 3* HC0 2CH 3 
Our structural assignment is also supported by the infrared 
spectrum of the compound and by stoichiometric considera­
tions . 
The methyl orthoformate and difluoromethyl methyl 
ether isolated accounted for 80 per cent of the haloform 
that reacted (as measured by the amount of sodium chloride 
formed) in a synthetic experiment despite the fact that some 
of the volatile ether was undoubtedly lost. Assuming these 
are the only organic products, their relative yields may be 
calculated from the concentrations of methoxide ion used up 
and of chloride ion formed. Thus 
( M e 0 ~ ) 
2(01 } 2 
where f is the fraction of the reacted haloform that gave 
methyl orthoformate. The analogous fraction in the reaction 
of potassium isopropoxide with chlorodifluoromethane was 
found to increase somewhat with increasing alkoxide ion con­
centration (25). This apparently is true in the present case 
since a much higher fraction of methyl orthoformate was pro­
duced in the synthetic run, using concentrated sodium 
methoxide, than in the kinetic runs. Nevertheless, it was 
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found that f Q does not change greatly during a kinetic run 
Reaction MeO~ 1 0 ^ k, 
Time, (sec.) (mole/l.) 1 . mole""-'" sec.""-̂  
0 0.02918 
7 ,595 .02323 7 .58 
14>478 .01913 7 . 8 k 
29,910 .01423 7 .08 
32 ,270 .01362 7.06 
60,945 .00924 6.30 
75 ,802 .00707 6.60 
Av. 7.09 ± 0.1|1 
a(CHClPo)0; = 0.03721 M. The value used for f a was 
0.075 and was taken from the data shown in Table 7 . 
as about 7 . 8 x 10""^ , by extrapolation to zero time. 
at the reactant concentrations we used. Assuming f 0 constant, 
the following kinetic equation may be derived. 
2.303 b(a - x) 
k = - 7 J" l o S ~ (2) 
t [a(l + 2 f 0 ) - bj a [b - (1 + 2 f 0 ) x] 
where a = (CHC1F2) , b = (MeO"*) , x =^CHClF 2) t, t = time and 
k is expressed in 1 . mole""'" (of haloform) sec."''". Typical 
kinetic data calculated from this equation are shown in Table 
1 . The fall in rate constants with time probably is due to 
the loss of the volatile haloform (b.p. ~40°) from the re­
action solution, so that perhaps the value should be estimated 
Table 1 . Reaction of Chlorodifluoromethane with 
. o a 
Sodium Methoxide in Methanol at 3 5 . 0 . 
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Reaction of Chlorodifluoromethane with Sodium Methoxide and 
Sodium Thiophenoxide.—In the reac t ion of c h l o r o d i f l u o r o -
methane with sodium methoxide and sodium thiophenoxide d i ­
f luoromethyl phenyl su l f ide was i s o l a t e d in addi t ion to the 
products a l ready found in the absence of sodium thiophenoxide. 
Triphenyl orthothioformate was a l so bel ieved to be present 
as a small amount of mater ia l ( 1 . 5 - 2 g.) having a melting 
point of 37- l i0°(reported ( 2 6 ) , 3 9 . 5 ° ) was i s o l a t e d . This p r o ­
duct could not have come from the reac t ion of dif luoromethyl 
phenyl s u l f i d e which was found to be s tab le to the reac t ion 
condi t ions . In one run dif luoromethyl phenyl su l f ide was 
i s o l a t e d in more than 60 per cent y i e l d , based on the t h i o ­
phenoxide r e a c t i n g . 
Ve have made a q u a n t i t a t i v e estimate of the tendency 
of the thiophenoxide ion to combine with dif luoromethylene 
as f o l l o w s . Difluoromethylene might be expected to combine 
with any of the three nucleophilic reagents, methanol, methox­
ide ion or thiophenoxide ion . Neglecting that small though 
s i g n i f i c a n t p a r t of the react ion that proceeds f a r enough to 
l i b e r a t e f l u o r i d e ion, we may w r i t e 
•M 
C P - + CH-vOH * CHoOCHP 
•B CP 2 + CH30 *• CELOCHF 
CP 2 + C6R^S 
CEUOH 
C6H^SCHP2 
(26) S . Gabr i e l , Berichte der deutschen chemisehen 
G e s e l l s c h a f t , 1 0 , 185 (187771 
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Prom this reaction scheme (treating kM as a first-order rate 
constant) and the assumption that difluoromethylene is formed 
only by the action of methoxide ion on the haloform, we may 
express the rate of reaction of thiophenoxide ion 
d (C 6H 5S~) 
= k (CHCIPp) (MeO") 
dt d 
k T (C 6H 5S") 
k T (CgH^S") + kB (MeO") + kM 
and the rate of reaction of methoxide ion Is expressed 
d (MeO") 
- = k (CHC1FJ (Me0~) 
(3) 
dt 2 
kB (MeO*) + k3 "M 
Ik) 
k T (C 6H^S") + k (MeQ~) + kM 
Dividing eq. 2 by eq. 3 
d (C 6H£S~) k T (G 6H^S") 
(5) 
d ( M e 0 ~ ) kB (MeO") + kM 
By the use of both acidimetric and iodimetric titrations the 
changes in thiophenoxide and methoxide Ion concentrations may 
be determined. We now simplify eq. 4 by neglecting the re­
action of difluoromethylene with methoxide ion. This point 
will be discussed later. With this simplification equation 4 
becomes 6 where T = (0£)H^S"")o, y = A (O^H^S") and z = A ( M © 0~)o 
i Z - = (k T A M ) (T - y) (6) 
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Integration of equation 5 yields 
(krp / i^) — _ 2.303 log T (7) z T - y 
In Table 2 are shown data on a run calculated according to 
equation 7 which is based on the assumption that thiophenoxide 
Table 2. Reaction of Chlorodifluoromethane with 
Sodium Thiophenoxide and Sodium Methoxide at 35° . a 
Reaction C 6 H 5 S " 
TjLme, (secj (mole/l. 
MeCT 
(mole/l.) 
2,985 8,235 21,885 
3 5 , 7 9 0 70,530 




o'1233 olOiiO .1016 
4o55 4o55 4o8i 
4.13 
4*30 Av, 4<>47 ±0.20 
a ( C H C 1 P 2 ) 0 = 0 . 1 3 8 8 M 
ion is competing only with the solvent methanol for the 
intermediate difluoromethylene. If the methoxide ion had 
been a major competitor, the calculated values of k̂ ,/k̂  
should increase as the reaction proceeds and the concentra­
tion of methoxide ion decreases. For this reason it was 
originally assumed that the neglect of the methoxide term 
in equation 5 was justified. In a later study of difluoro­
methyl phenyl sulfone that will be discussed in this section 
considerable doubt was cast upon this assumption. Since 
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methanol is present at a concentration of about 25 the 
values of krp/k^ found show that the thiophenoxide ion is 
more than 100 times as reactive© 
The Determination of the Acidity of Methanethiol Toward 
Sodium Methoxide 0—For the kinetic study of chlorodifluoro­
methane with sodium methoxide and sodium thiomethoxide it 
was necessary to determine the acidity of methanethiol to­
ward sodium methoxide. This would enable us to calculate 
the concentration of methoxide in a kinetic run and deter­
mine its catalytic effect in the reaction of chlorodifluoro­
methane with sodium thiomethoxide. The equilibrium constant 
was determined for the following equations 
CH^SH + CH 30~ ^ F = ^ CH 3S~ + CH^OH 
The work of Kolthoff and (hiss (lS) showed that thymol 
blue would be a suitable indicator in this determination. 
Indicator constants were determined over the ionic strength 
range 0.2 to 0.55. The indicator constant is defined 
here as the autoprotolysis constant for methanol divided by 
the second ionization constant of the indicator. 
KMeOH = <CH 30-)(CH 30H 2 +); K± = (ln=|^°H2+I 
K = ( I n~)( C H3°~> 
In" and In"" represent the two forms of the Indicator* 
The values for K j n were determined using the Beckman D. U . 
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spectrophotometer at known Ionic strengths and a logarithmic 
plot of Kj n versus ionic strength Is shown in Figure 1. 
The equilibrium constants defined by the following 
equation 
K ( C H 3 ° 
6 (GH30")(CH 3SH) 
were then determined over the ionic strength range 0.02 to 
0.55 and a plot of log K e versus ionic strength is shown in 
Figure 2 . 
The Reaction of Chlorodifluorome thane with Sodium Methoxide 
and Sodium Thlomethoxlde.—The sulfur-containing products in 
the reaction of chlorodifluoromethane with sodium methoxide 
and sodium thiomethoxide were difluoromethyl methyl sulfide, 
trimethyl orthomonothioformate and trimethyl orthothioformate. 
These compounds were isolated in kl±*2 per cent, 6.1 per cent 
and 28.2 per cent yields respectively based on the methane­
thiol that reacted. No attempt was made to isolate the pro­
ducts already found in the earlier reaction of the haloform 
with sodium methoxide alone. 
A kinetic study was carried out on the reaction of 
chlorodifluoromethane with sodium methoxide and sodium thio­
methoxide. It was assumed that the major part of the reaction 
was initiated by methoxide and therefore only haloform and 
methoxide would appear in the rate expression. In the ki­
netic study the ratio of methoxide reacting per mole of 
haloform was taken to be the difference in the initial and 
3k 
final methoxide concentration divided by the intial halo­
form concentration since base was in excess. This ratio is 
identified as n In the following kinetic equation 
k = 2 .303 l o g D ( a - s ) ( Q ) 
t(an-b) a(b-nx) 
where a = (0HClP2)o, b = (MeO~)0, x =A(CHC1P 2) at time t, 
n as defined above, t = time in sec., and k is expressed in 
1. mole"*l (of haloform) sec."1. The results of the kinetic 
study are shown in Table 3© 
To show the catalytic effect of methoxide on the re­
action of chlorodifluoromethane with sodium thiomethoxide 
an additional run was made with a much lower concentration 
of methoxide. This was done by adding an excess of methane­
thiol to the solution. In this case the methoxide concentra­
tion was found to remain essentially constant throughout the 
run so a first-order rate expression appeared applicable for 
the disappearance of haloform. The kinetic equation used 
was as follows 
Jc = 1^21 log _^£_ (9) 
t C 
where C Q = (CHC1P2)0 and 0 = (CHGlP2)t, t in seconds and k 
expressed in sec."1* The concentration of haloform that had 
reacted by a given time was set equal to the change in 
methoxide plus thiomethoxide concentrations divided by 1 . 1 . 
This is a ratio of total base reacting per mole of haloform 
and was calculated from the data in Table 3 where the 
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Table 3© Reaction of Chlorodif luorome thane with 
Sodium Methoxide and Sodium Thiomethoxide at 3lio5°© 
Reaction MeS~ MeCT 10^ k, 
Time, (sec,) (mole/l0) (mole/l.) 1. mole"1 see." 
0 0 . 1 9 7 6 a 0 . 2 2 9 0 A 
1 2 0 o 2 0 0 5 .2191 
1 , 6 5 0 o l 7 6 8 . 2 0 6 5 7 . 2 1 
5 , 5 2 0 . 1 5 2 5 0I666 9 . 4 3 
9 , 5 2 0 .II4.6I olkkO. 1 2 . 0 1 
2d,kk0 . 1 3 1 2 C 1 2 9 9 1 3 
8 9 , 9 2 0 . 1 2 5 4 © 1 3 3 6 
Av. 9© 5 5 t 1.6ii 
All methoxide and thiomethoxide concentrations were 
calculated using the data in Table 9 and a value of 26li for 
the equilibrium constant K e taken from Figure 2. (CHC1F2)Q = 
0 . 1 5 0 2 M. - -
The value of n was calculated from the difference 
(0.2290 - 0.1299) in methoxide ion concentration divided by 
the initial haloform concentration ( 0 . 1 5 0 2 ) and was assumed 
constant throughout the run. The reaction.was assumed com­
plete at 281LLLO seconds. 
reaction was assumed complete. It is in agreement with the 
values obtained for the haloform with methoxide alone. The 
results of this kinetic study are shown in Table ii« 
In connection with the synthetic work it was necessary 
to determine the reactivity of difluoromethyl methyl sulfide 
under the reaction conditions. This compound was found to 
be less than 6 per cent reacted after having been exposed to 
0 . 7 7 M sodium methoxide and O.I4.6 M sodium thiomethoxide at 
5 0 ° for 22 days. The results of this reaction are shown in 
Table 11. 
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Table 4« Reaction of Chlorodif luoromethane with 
Sodium Thiomethoxide and Excess Methanethiol at 34°5>°o 
Reaction MeS~ MeO" / 1 Time, (sec„) (mole/l.) (mole/l.) 1 0 k, sec," 
0 0 o 5 0 1 9 a 0 o 0 1 0 1 a 
1 2 0 •4952 o0104 
2,310 .4872 • 0101 
2 2 , 8 6 0 o4546 O 0 0 9 5 1 2 0 7 
2 6 , 4 6 0 ,4488 o 0 0 9 1 1 2 . 8 
6 6 , 4 8 0 o4i47 • 0101 1 0 . 1 
1 5 7 , 2 0 0 o 3 7 5 4 • 0 0 9 0 8.4 
Av0 • 0 0 9 7 1 1 . 4 t 1.7 
All methoxide and thiomethoxide concentrations were 
calculated using the data in Table 10 and a value of 321 for 
the equilibrium constant K_ taken from Figure 2 . ( C H C l F o ) _ • 
0.1502 Mo . ,° 
The Reaction of Difluoromethyl Phenyl Sulfone with Sodium 
Methoxide• —The synthetic reaction of difluoromethyl phenyl 
sulfone with sodium methoxide yielded a gas shown to be the 
same difluoromethyl methyl ether that was isolated in the re­
action of chlorodifluoromethane with sodium methoxide. The 
other product isolated was benzenesulfinic acld„ This re­
action was carried out on a small scale and no yields were 
determined, but these were the only organic products detected« 
For the kinetic study it was necessary to determine 
the ratio of difluoromethyl phenyl sulfone reacting per mole 
of sodium methoxide. This ratio was approximated from a 
value obtained in an additional run in which the methoxide 
3 7 
concentration was in excess (shown in Table 1 3 ) and from the 
ratio obtained in the reaction of chlorodifluoromethane with 
sodium methoxide (shown in Table 7 ) . While two different 
reactions were used to calculate this ratio, the same inter­
mediate, which in this case appears to control the ratio, is 
proposed for both reactions. 
Table 5 © Reaction of Difluoromethyl Phenyl Sulfone 
with Sodium Methoxide in Methanol at 5 0 . 2 i ° . a 
Reaction Me(T 1 0 ^ k, 
Time, (sec.) (mole/l0) 1 0 mole"1 sec."1 
0 0 . 2 3 6 0 
2 7 , 7 2 0 o2019 3 © 4 7 
7 0 , 0 8 0 . 1 6 7 0 3 © 5 0 
8 5 , 5 6 0 . 1 5 8 0 3 < , 5 0 
1 0 8 , 4 8 0 . 1 4 5 5 3 o 5 6 
1 5 5 , 5 8 0 . 1 2 5 3 3 © 7 3 
b 
Av 0 3 © 5 5 t 0 . 0 7 
aThe initial concentration of sulfone was 0.1379 M. 
All k's were calculated from equation 8 where _a is 
now defined as initial sulfone concentration, 
x - A (C^HgSO^P^)^. and n = 1 . 3 0 . 
Hine and Tanabe have shown that the ratio of moles of 
potassium isopropoxide to moles of chlorodifluoromethane re­
acting Increases with increasing isopropoxide concentration 
( 2 7 ) © Since our kinetic study was carried out at an 
( 2 7 ) J© Hine and K e Tanabe, Journal of The American Chemical Society, 8 0 , 3 0 0 2 ( 1 9 5 8 ) . 
38 
intermediate average sodium methoxide concentration of 0 . 1 9 0 
M we chose an intermediate value of 1 . 3 0 for the ratio of di­
fluoromethyl phenyl sulfone reacting per mole of sodium 
methoxide. The results of this kinetic study are shown In 
Table 5 . 
The Reaction of Difluoromethyl Phenyl Sulfone with Sodium 
Methoxide and Sodium Thiophenoxide .—The organic products Iso­
lated from a synthetic reaction were difluoromethyl methyl 
ether in 3 8 per cent yield, difluoromethyl phenyl sulfide in 
2 2 per cent yield and benzenesulfinic acid in f?2 per cent 
yield, all based on the reacting sulfone. No attempt was 
made to recover trimethyl orthoformate possibly produced in 
the reaction but an attempt to Isolate triphenyl orthothio-
formate was unsuccessful. 
The kinetic study of this reaction showed that the 
rate of disappearance of difluoromethyl phenyl sulfone was 
essentially independent of the thiophenoxide concentration. 
The results of this study are shown In Table 6 and Table 1 2 C 
The values of k^/k^ calculated using equation 7 are also 
listed in Table 6 . The previously described assumption based 
on the data in Table 2 that methoxide was not a major cap­
turing agent for difluoromethylene may not be valid since the 
data in Table 6 seem to show that krp/k^ increases as the re­
action proceeds. There are not enough data to reach a def­
inite conclusion about whether methoxide Is a major capturing 
agent; however, whether It Is or not the relative values ob­
tained for k T/k M In Table 6 and Table 2 should be of significance 
3 9 
Table 6. Reaction of Difluoromethyl Phenyl Sulfone 
with Sodium Methoxide and Sodium Thiophenoxide at 50.4°© 
Reaction NaSCAHe NaOMe XCK k , 
Time, (sec.) (mole/l.) (mole/l.) 1. mole - 1 sec."1 KT / i cM 
0 0 .1871 0 . 2 1 ^ 0 h 
27,840 . 1 7 7 6 0 1 9 6 2 3©l5 2 . 7 7 
6 9 , 9 6 0 . 1 6 6 3 © 1 7 2 2 3 . 5 0 2 . 7 5 
86,560 .1580 . 1 6 8 0 3«25 3 © 6 0 
1 0 9 , 6 2 0 . 1533 d 6 2 1 3 . 0 7 3 o 7 7 
156,480 .1449 .1453 3 . 3 5 3 . 6 6 
Av. 3 .28 ± 0 .15 3©29 t 0.44 
The initial concentration of sulfone was 0.1379 M. 
^The kDs were calculated from equation 8 where a_ is 
now defined as initial sulfone concentration, t in sec., 
x = A(C6 H 5 S 02 C P2 HH and n = 0.829© The value of n for the 
kinetic equation was taken as the average of the values ob­
tained from each point of this run from the equation 
A(NaOMe) x 1.30 n = ___ 
A (NaOMe) +^(NaSG^H^) 
where 1.30 is the value of n used in Table 5 and assumed ap­
plicable to this run. 
cThe values of k^/k^ were calculated using equation 7© 
since the methoxide ion concentrations were comparable in the 
two cases. The smaller value shown In Table 6 may reflect a 
decrease in selectivity of difluoromethylene resulting from 
the 15° temperature increase. 
The Kinetics of the Base-Catalyzed Deuterium Exchange of Deu­
teriodif luorome thyl Phenyl Sulfone in Methanol at 0°.—The 
k-0 
rate of deuterium exchange of the deuteriosulfone was meas­
ured spectrophotometrically using the Perkin-Elmer Model 21 
infrared spectrophotometer» The first-order exchange rate 
was calculated using the following equations 
, 2 .303 n 100 k = . — _ log — - (10) t D 
where D equals the per cent deuterium compound remaining 
-1 
after time t and k is expressed in sec. . The per cent 
deuterium compound was found by solving the following equa­
tion at two wave lengths. 
Optical Density = E D Cp + E H C H ( n ) 
where E^ and Ep are the extinction coefficients for the pro-
tium and deuterium compound at the same wave lengths and 
C J J and Cp are the corresponding concentrations of the pro-
tium and deuterium compounds. The first-order rate con­
stants calculated from two runs with different methoxide con­
centrations were divided by their corresponding methoxide 
concentrations to obtain the second-order rate constants. 
The average value obtained was 9«54 i 0 . 35 x 10""^ 1 . mole"^ 
(of deuteriosulf one) sec.""-*-. The experimental results of 
these two runs are shown in Table 15 and 1.6. 
The Kinetics of the Base-Catalyzed Deuterium Exchange of 
Deuteriodifluoromethyl Phenyl Sulfone with Water at 0°.—The 
rate of exchange was measured spectrophotometrically as In 
methanol. The procedure for calculating the first-order 
kl 
exchange rate is the same as that for methanol outlined above. 
The experimental results for two runs are shown In Table 17 
and 1 8 . The average second-order rate constant obtained by 
dividing the first-order rate constants by their corresponding 
hydroxide concentrations Is 6.00 t 0 .25 x 10~2 i # mole*"*1- (of 
deuteriosulf one) sec. 
CHAPTER IV 
DISCUSSION AND CONCLUSIONS 
Reaction of Chlorodifluoromethane.—It was found that chloro­
dif luorome thane reacted with base at a rate faster than it 
would have been predicted to undergo carbanion formation by a 
correlation described in earlier work ( 1 3 ) o This ability for 
chlorodifluoromethane to by-pass carbanion formation (deuterio-
bromodifluoromethane has been found not to exchange deuterium 
but to solvolyze directly to products ( 1 3 ) ) is undoubtedly 
due to the presence of two fluorine atoms in the haloform* 
In the haloform series the first two steps of the gen­
eral solvolysis mechanism are those of initial trihalocarbanion 
formation followed by loss of a halogen anion to give a di-
halomethylene. This mechanism, termed an Cf-elimination ( 2 8 ) R 
has been found valid for all of the haloforms studied con­
taining no more than one fluorine atom ( 8 ) . In the case of 
chlorodifluoromethane it appears that the increase in sta­
bility afforded the methylene intermediate by two fluorine 
atoms has more than offset the destabilization of the would-be 
carbanion. 
The ability of a fluorine to stabilize a dihalomethylene 
( 2 8 ) For the meaning of ©(-elimination see J. Hine, 
Physical Organic Chemistry, McGraw-Hill Book Co., Inc«,, 
New York, N.Y., ' 1 9 5 6 , Chap. 5, Section 6 . 
k3 
and thus increase the rate of hydrolysis of a haloform while 
at the same time destabilizing a carbanion and decreasing 
the rate of carbanion formation has been explained' by Hine 
and Ehrenson (8). Fluorine, being a first row element, 
would be expected to enter into electron donating resonance 
with carbon much better than the other halogens (29), but not 
having available d-orbitals it could not accept an electron 
pair and stabilize a carbanion. Burske found that fluoro-
form did not r e a c t with potassium t-amyloxide after treatment 
for several days at 50° (30), The lack of solvolysis of 
fluoroform is probably due to no-bond resonance stabilization 
by fluorine. This type of resonance has been used to explain 
the observed C-F bond shortening in halogens containing at 
least two fluorine atoms (31) as compared to the C-F bond 
length in fluoromethane. The structures of the following type 
F" F+ 
F-C-H < — » F - l-H * etc. 
F* F~ 
would explain the added stability and greater bond shortening 
(29) For a discussion of this see J, Hine, Physical 
Organic Chemistry^ Chap, 2 and 6 , 
(30) TT, W, Burske, The Kinetics of the Catalyzed 
Deuterium Exchange of Some Haloforms in Aqueous Solution, 
Ph,D, Thesis, Georgia" Institute of Te"cEnology, Atlanta, 
Georgia, 1957 , p. Ho 
( 3 1 ) L, 0 . Brockway, Journal of Physical Chemistry, 
ijl, 187 (1937). 
in fluoroform as compared to the other haloforms. This type 
of resonance stabilization would be lost in the trifluoro-
carbanion, as it would require placing negative charges on 
adjacent atoms 0 The trifluorocarbanion has been shown to 
exist, however, in the decomposition of trifluoroacetic acid 
( 3 2 ) . Verhoek and coworkers postulated its existence in the 
decarboxylation carried out at 1 7 0 - 2 0 0 ° in ethylene glycol. 
This high temperature required for decarboxylation is no 
doubt due to the presence of the three fluorine atoms, as 
chlorodifluoroacetic acid has been shown to decarboxylate at 
much lower temperatures (33)o 
The products isolated from the reaction of chloro­
dif luoromethane with sodium methoxide in methanol, difluoro­
methyl methyl ether (ii8 per cent) and methyl orthoformate 
(32 per cent) accounted for 8 0 per cent of the haloform re­
acting. The mechanism proposed for their formation is as 
follows % 
C H C 1 F 2 + 
CHoOH 
3°~ GF 2 
CF 2 
C H 3 O H 
— - — CH^OCFgH 
CF 2 
C H 3 O H 




The kinetic study showed that the number of moles of 
(32) I 0 Auerbach, F, H. Verhoek, and A. L 0 Henne, Journal of,The American Chemical Society, 7 2 , 299 ( 1 9 5 0 ) . 
(33) J. Hine and D. C. Duffy, Ibid., 8 1 , 1131 (1959) 
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base reacting per mole of haloform remained essentially con­
stant throughout the reaction and therefore the methyl ortho-
formate produced must not be formed from difluoromethyl methyl 
ether. If the orthoformate had been formed by attack on the 
difluoromethyl methyl ether the ratio of base to haloform re­
acted would have increased as the reaction progressed. The 
most reasonable mechanism leading to methyl orthoformate is 
through a fluoromethoxymethylene as shown above. 
In order to obtain additional evidence for the con­
certed ©(-elimination mechanism shown above sodium thiophenox­
ide was used. If a difluoromethylene was being formed as an 
intermediate, it would be expected to be subject to nucleo­
philic attack since it has an electron-deficient carbon atom. 
The thiophenoxide ion was previously found to be effective at 
capturing other dihalomethylenes ( 5 ) and therefore should be 
suitable for this case. The reaction of sodium thiophenoxide 
with chlorodifluoromethane was studied and found to be a very 
slow process at 35° in methanol, the second-order rate con­
stant being about 5 x 1 0 " ^ 1 0 mole""1 sec"*1. This low reac­
tivity of the haloform toward such a strongly nucleophilic 
reagent is itself evidence that the 150-fold faster reaction 
with methoxide ion (the second-order rate constant for re­
action with methoxide is 7 .09 x 1 0 " ^ 1 . mole"1 sec."1) is not 
S^2 in character since in other S^2 reactions the thiophenox­
ide ion has been found to be from twenty to ten thousand (34) 
(34) J e Hine, S. J. Ehrenson and W. H. Brader, Jr., 
Journal of The American Chemical Society, 7 8 , 2282 ( 1 9 5 6 ) . 
times as reactive as the methoxide ion. 
The product isolated from the reaction of chlorodi-
fluoromethane with sodium methoxide and sodium thiophenox­
ide was difluoromethyl phenyl sulfide. This product ac­
counted for more than 60 per cent of the thiophenoxide ion 
reacting and was found to be stable to the reaction con­
ditions. The presence of two fluorine atoms on the same 
carbon atom appears to change the reactivity considerably 
as judged by comparing ctf-fluoroalkyl halides, which are the 
most reactive of the monohaloalkyl halides in nucleophilic 
displacement reactions (35), to the difluoromethyl phenyl 
sulfide we isolated. 
In the base-catalyzed reaction of chloroform with 
sodium thiophenoxide the only sulfur-containing product iso­
lated was triphenyl orthothioformate (1). The initial re­
action product of the intermediate dichloromethylene with 
thiophenoxide ion must be considerably more reactive than the 
intermediate difluoromethylene reaction product we captured 
as no chlorine-containing product was isolated. This is not 
surprising in view of the relative reactivities of dichloro-
methyl methyl and difluoromethyl methyl ether. Rosscup cal­
culated a value of 1.26 x 10"^ i # mole"! sec.~l for the rate 
constant for the reaction of dichloromethyl methyl ether with 
( 3 5 ) J* Hine, G. H. Thomas and S. J. Ehrenson, 
Journal of The American Chemical Society, 7 7 , 3886 (1955)• 
potassium isopropoxide at -12° (36) 0 While we did not cal­
culate a rate constant for the reaction of difluoromethyl 
methyl ether with sodium methoxide^ we did isolate the di­
fluoromethyl ether from a reaction carried out for 8 hours 
at a temperature of over 5 0 ° o The stability of difluoro­
methyl phenyl sulfide led us to believe that the unidenti­
fied high-boiling fraction contained products formed from an 
additional reaction path0 
An additional reaction was carried out using sodium 
thiomethoxide as the capturing agent for the difluoromethyl­
ene intermediate to obtain lower-boiling products0 The 
products obtained from the reaction of chlorodifluoromethane 
with sodium methoxide and sodium thiomethoxide were difluoro­
methyl methyl sulfide, trimethyl orthomonothioformate and 
trimethyl orthothioformate» In order to learn more about 
the mechanism of the formation of these compounds kinetic 
studies were carried out on the reaction. The greater ba­
sicity of thiomethoxide compared to the thiophenoxide used 
in the preceding case made it necessary to determine an equi­
librium constant for the following equation 
CH^SH + CH3O- <- »> CH 3S~ + CH3OH 
in order to know the methoxide concentration in a kinetic 
run. While the reaction of thiophenol with sodium methoxide 
(36) Ro Rosscupj, Reactivity and Reaction Mechanisms 
of Methoxy Chlorides. Ph 0D 0 Thesiss Georgia Institute of ~~ 
Technology, Atlanta,, Georgia, I960. 
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goes to effective completion it was found that the reaction 
of methanethiol with sodium methoxide was not complete, 
having an equilibrium constant of about 100 to 350 over the 
ionic strength range of 0.2 to 0 o 5 at 2 5 ° . 
Measurements were made on two kinetic runs, one in 
which more sodium methoxide had been added than would be re­
quired (stoichiometrically) to transform all of the methane­
thiol to its salt and the other in which the methanethiol 
was present in excess. Data on the two runs are given in 
Table 3 and Ij.. The reaction rate was assumed to be depend­
ent only on the concentrations of chlorodifluoromethane and 
methoxide. The second-order rate constant obtained from the 
run with sodium methoxide in excess was 9<>55 x 10*"^- 1. mole"! 
sec."l, In the second run, in which methanethiol was in ex­
cess, the equilibrium concentration of methoxide remained 
essentially constant throughout the run. This reduced the 
reaction to a first-order process with the rate being depend­
ent only on the chlorodifluoromethane concentration. The 
second-order rate constant was obtained by dividing the 
first-order constant by the average methoxide concentration 
throughout the run. The value obtained was 11.3 1 1*7 x 10"̂ " 
1. mole"1 sec.*"1. The rate constant obtained in the run with 
excess methoxide in which the ratio of (MeS~)/(MeO") was near 
unity and in the run with excess methanethiol in which the 
ratio (MeS~)/(Me0~) was about h$ shows that the reaction of 
chlorodifluoromethane with thiomethoxide contributes very 
little to the reaction rate. 
Part of the increase in rate between the first run 
where the ionic strength was about O.lj.2 M and the second, in 
which the ionic strength was about 0.f>0 M, may be an ionic 
strength effect since the second-order rate constant for the 
reaction of methoxide ions with chlorodifluoromethane was 
found to be 7.09 x 10"*+ 1 . mole*"1 s e c " 1 at 3>S° at an ionic 
strength of 0.03 M. If the entire increase is due to added 
c(-elimination by thiomethoxide then lf> per cent of the re­
action containing excess methanethiol must be due to thio­
methoxide ion. Considering the possible error in determining 
the rate constants it is estimated that between 0 and lj.0 per 
cent of this reaction is due to thiomethoxide and hence that 
methoxide ions are at least 70 times as reactive as thio­
methoxide ions toward chlorodifluoromethane. 
In relating the kinetic study to the synthetic re­
action where the ratio (MeS")/(MeO") was 0 .16 it seems rea­
sonable to assume that in the latter case practically all of 
the initial attack on chlorodifluoromethane was by methoxide. 
As this reaction has already been shown to give an initial 
difluoromethylene Intermediate, essentially all of the 
sulfur-containing reaction products must have been formed 
from this intermediate. The following mechanism is proposed 
for the formation of the sulfur-containing products Isolated, 
CH^O" + CHC1P 2 CH3OH + Cl" + CP 2 
CH^S" + CP 2 ^ CH 3SCF 2~ 
C H 3 O H 
CH 3SCP 2" CH 3SCP 2H 
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CH 3SCP 2 • CH^-S-C-F 
CHoOH 
GH 3S + GH 3-S-G-P (CH 3S) 3CH 
This mechanism is similar to the one proposed earlier 
for the reaction in methanol in the absence of thiomethoxide. 
The difluoromethyl methyl sulfide was found to be stable to 
the reaction conditions and incapable of producing the tri­
methyl orthothioformate isolated. The only reasonable path 
left for its formation is through a fluorothiomethyoxymethyl­
ene. Whether difluoromethylene and thiomethoxide react by a 
concerted mechanism or via a difluorothiomethoxycarbanion 
intermediate is uncertain. The trimethyl orthomonothio-
formate isolated from the reaction may have been formed from 
a sulfur- or oxygen-cbntaining methylene intermediate. 
Reaction of Difluoromethyl Phenyl Sulfone.-—The difluoromethyl 
phenyl sulfide isolated in the methoxide-catalyzed reaction of 
chlorodifluoromethane with sodium thiophenoxide was oxidized 
to the sulfone for the purpose of producing a more stable 
compound for characterization. Since difluoromethyl phenyl 
sulfide was found to be essentially unreactive toward sodium 
methoxide and sodium thiophenoxide, it was of interest to see 
if the increased electron withdrawing power of the sulfur atom 
in the -S0 2~ group would Increase the activity of the difluoro­
methyl group. 
The reaction of difluoromethyl phenyl sulfone with 
sodium methoxide was carried out at the reflux temperature 
of methanol. The reaction mixture gave off a gas not 
5 i 
condensed by a water cooled reflux condenser but collected 
In a Dry Ice trap. The Infrared spectrum of this material 
was identical to that of difluoromethyl methyl ether iso­
lated in the reaction of chlorodifluoromethane with sodium 
methoxideo The remaining solution yielded benzenesulfinic 
acid as the major organic product0 
Prom the kinetic study of the reaction of difluoro­
methyl phenyl sulfone with sodium methoxide we obtained a 
value of 3 o 5 5 x 10"-̂  1. mole*"1 sec."1 for the rate constant 
at 5>0°. Ziegler and Connor found that bromomethyl £-tolyl 
sulfone was very unreactive toward nucleophilic reagents 
and even underwent reduction rather than substitution when 
treated with sodium ethoxide at 80° for l£ hours to give 
methyl ]>-tolyl sulfone ( 3 7 ) . The greater reactivity of di­
fluoromethyl phenyl sulfone must be explained by a mech­
anism other than a nucleophilic displacement reaction. 
To determine if an of-elimination was taking place an 
additional kinetic study was carried out using sodium thio­
phenoxide. Two kinetic runs were made. One run had an ex­
cess of sodium methoxide over that required to neutralize 
the thiophenol present and the other had an excess of thio-
phenol present to give a methoxide-free solution. The rate 
of disappearance of thiophenoxide was found to be dependent 
on the methoxide concentration. In the run with excess 
sodium methoxide a second-order rate constant of 3.28 x 10"' 
( 3 7 ) W. M. Ziegler and R. Connor, Journal of The 
American Chemical Society, 62, 2^96 (I9ii0). 
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1. mole"x sec."1 was obtained assuming that the rate of dis­
appearance of difluoromethyl phenyl sulfone depended only on 
the methoxide concentration. In the run with excess thio-
phenol the rate constant obtained for the reaction of sodium 
thiophenoxide with difluoromethyl phenyl sulfone was about 
1 x 10"? 1. mole"1 sec."1. This 200-fold decrease in re­
action rate shows that methoxide must catalyze the reaction 
of difluoromethyl phenyl sulfone with sodium thiophenoxide 
and that an ov-elimination must be taking place 0 If the so­
dium thiophenoxide had attacked the sulfone directly in a 
SJJ2 type displacement, we would have expected this strong nu­
cleophilic reagent to have reacted much faster than sodium 
methoxide, as it has done in other nucleophilic displacement 
reactions in methanol (34)o 
The products isolated from the synthetic reaction of 
difluoromethyl phenyl sulfone with sodium methoxide and so­
dium thiophenoxide were difluoromethyl methyl ether in 3$ 
per cent yield, difluoromethyl phenyl sulfide in 22 per cent 
yield and benzenesulfinic acid in over 50 per cent yield, 
all based on the reacting sulfone. These products give addi­
tional evidence for an of-elimination mechanism. Although no 
orthoesters were isolated, a small amount of a high boiling 
material suggested that triphenyl orthothioformate was pro­
duced. 
It was necessary to carry out the deuterium exchange 
reaction of difluoromethyl phenyl sulfone to see if the first 
step of the reaction was that of carbanion formation or if 
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the sulfone was reacting with base by a concerted ̂ -elimina­
tion. The deuteriodifluoromethyl phenyl sulfone compound was 
found to exchange deuterium for protium in the presence of 
sodium methoxide. The second-order rate constant obtained was 
9.54 x 10"*+ 1 . mole"1 sec."1 at 0° in methanol. This shows 
that the first step of the reaction must be carbanion forma­
tion and the overall mechanism is as followsg 
G 6 H 5 S 0 2 C P 2 H + C H 3 ° " * C £ ) H 5 S 0 2 C P 2 - + C H 3 0 H 
C£)H^S02CP2 *- C^H^SO?^ + C F 2 
CHoOH 
C P 2 3 > CH^OCFpH 
CHoOH 
G^H^S + G P 2 — • C 6 H ^ S C P 2 H 
The rate of deuterium exchange of deuteriodifluoro­
methyl phenyl sulfone was also studied In water at 0 ° . The 
—2 —1 —1 
rate constant obtained was 6.00 x 10 1 . mole sec. with 
sodium hydroxide as the base, Pearson and coworkers have re­
ported a value of 2*18 x 1 0 " ^ l e mole"1 sec."1 for the rate 
constant at J4.O0 for deuterium exchange of 1-deuteriocyclohexyl 
jo-tolyl sulfone In 50 per cent aqueous dioxane (38). The 
30,000-fold increase in rate of deuteriodifluoromethyl phenyl 
sulfone over that of the cyclohexane derivative at a temper­
ature 40° higher must be partially due to fluorine's inductive 
stabilization of the carbanion. While fluorine is the 
(38) J. Weinstock, J. L. Bernard! and R. G. Pearson, 
Journal of The American Chemical Society,, 80, 4961 ( 1 9 5 8 ) . 
poorest of the halogens at stabilizing a carbanion (13), it 




It would be of interest to study the mechanism of sol-
volysis of dimethoxymethyl methyl sulfone in order to explain 
the mechanism of formation of the orthoesters isolated In this 
work and also in other homogeneous haloform reactions. Prom 
the present study it appears that in the base-catalyzed meth-
anolysis of chlorodifluoromethane the methyl orthoformate iso­
lated came from a fluoromethoxymethylene intermediate. The 
reaction of the fluoromethoxymethylene intermediate may be as 
follows j 
concerted as shown or the methoxy group may add to the fluoro-
methoxymethylene intermediate before it loses fluorine. The 
presence of two methoxy groups on the carbon atom should make 
the loss of fluoride a very rapid process, however, if it is 
not concerted. The methylenes shown may react with available 
methoxide in addition to methanol as shown. 
A test of this mechanism might be made with dimethoxy-
methyl methyl sulfone. This sulfone might be produced by the 
hydrogen peroxide oxidation of trimethyl orthomonothioformate 
CH3O-C-P 
(CR^O^C 
(CH 30) 2C 
(CH 3 0 ) 3 C H 
The first step in the above reaction mechanism may be 
isolated in the reaction of chlorodifluoromethane with sodi­
um methoxide and sodium thiomethoxide. The reaction of di-
methoxymethyl methyl sulfone with sodium methoxide and sodi­
um thiophenoxide could be studied0 If the reaction of di­
me thoxyme thyl methyl sulfone with thiophenoxide were cata­
lyzed by methoxide, the sulfone might be reacting by an 
o(-elimination mechanism. If this were found to be the case 
and dimethoxythiophenoxymethane were isolated as a reaction 
product, the reaction might involve a dimethoxymethylene 
intermediate0 The first-order methanolysls of the sulfone 
might show whether a dimethoxymethyl carbonium ion is an 
intermediate in the reaction. 
The kinetics of reaction of the compounds difluoro-
nitromethane and difluoroacetonitrile with base might be 
studied and their rates of carbanion formation measured. 
These compounds may react by an o(-elimination mechanism like 
that of the difluoromethyl phenyl sulfone. It would be in­
teresting to see how the nitro and cyanide groups affect 
the rate of basic solvolysis and carbanion formation and if 
any correlation can be established between, them. 
APPENDIX 
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Table 7 . Value of f 0 for Equation 2 at 3 5 ° . a 
Reaction NaOMe Cl"" formed •p Time, (hr ,) (mole/l,) (mole/l.) 1o 
0 o 0 0.0321 
.0179 0.0121 0,0898 
4o9 .OII4J6 .0151 .0877 
7 .1 .0103 .0185 .0923 
1 1 , 0 o0057 .0230 ,0741 
20 ol o0045 ,0242 o0721 
23 ,5 o0038 o02kk ,0802 
27 .1 ,0026 o0257 ,0736 
43 .2 .0032 .0255 .0672 
a (GH01P 2 ) 0 = 0,036 M 
Table 8 . Reaction of Chlorodifluoromethane 
with Sodium Thiophenoxide at 3 5 ° . a 
Reaction Thiophenol Thiophenoxide 1 0 6 k, 
Time, (sec0) (mole/l,) (mole/l.) 1, mole"'*" sec."*' 
0 0.0158 0,2161 •u 
13 ,380 ,0119 . 2177 5 b 
3 5 , 1 1 2 .0107 .2158 5 
a(CHClP 2) 0 = 0,1484 M 
^The k°s were calculated using equation 8 where a = 
(CHC1P2)0, b = (C6H£S~)0, x =A(C 6 H5S") + A(C6H^SH) at time t, t in sec,, and n = 1. 
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Table 9. Reaction of Chlorodifluoromethane with 
Sodium Methoxide and Sodium Thiomethoxide at 3 4 « 5 ° . a 
Reaction 
Time, (sec,) 
1.036 N H 2S0 i L 
(ml.) 






3 9 , 9 2 0 
4 .o5 
3 « 7 0 






3 o l 2 
3 o 0 0 
2 C ? 0 
2,58 
(CHC1P 2) 0 = 0 , 1 5 0 2 M 
Table 1 0 , Reaction of Chlorodifluoromethane with 
Sodium Thiomethoxide and Excess Methanethiol at 
3 4 o 5 ° , a 
Reaction 1.036 N-J^SO^ 0 . 2 5 0 0 - M I 2 
Time, (see.) (ml.) (ml.) 
1 2 0 4.88 1 2 . 9 0 
2,310 4 o 8 0 1 2 , 7 7 
2 2 , 8 6 0 
2 6 , 4 6 0 
4o48 1 2 . 1 0 
4 o 4 2 1 2 , 0 5 
6 6 , 4 8 0 4 o i o 1 0 , 8 5 
1 5 7 , 2 0 0 3 o 7 1 1 0 , 1 8 
a(CHClF 2) 0 = 0,1502 M 
6 0 
Table 1 1 0 Reaction of Difluoromethyl Methyl 
Sulfide with Sodium Methoxide and Sodium 
Thiomethoxide at 5 0 ° . a 
Reaction 
Time, (days) 
1 . 0 3 6 N H^SO^ 
(ml.) 
o.o5oo M i 2 
(ml.) 
0 H o 73 45.82 
1 0 1 1 . 5 8 45.8k 
22 1 1 . 6 0 45.75 
a(CH 3SCP 2H) 0 = 0 . 2 3 1 M 
Table 1 2 . Reaction of Difluoromethyl Phenyl 





C 6 H 5 S " 
(mole/l.) 
0 
4 1 , 9 4 0 
3 2 8 , 3 2 0 
1 , 1 8 0 , 3 2 0 
0 . 0 1 3 7 
. 0 1 3 3 
o 0 l 5 0 , 
. 0 1 0 7 ° 
0 . 1 7 3 4 
. 1 7 2 3 
. 1 7 0 6 . 
. I 6 9 0 b 
a ( C 6 H 5 S 0 2 C P 2 H ) o = 0 „ 1 3 7 9 M 
bTotal thiophenol 
cent reaction. 
reacting accounts for only 4 * 0 per 
Table 1 3 . Reaction of Difluoromethyl Phenyl 
Sulfone with. Excess Sodium Methoxide at 50.4°»a 
Reaction Me0~ y-i 
Time, (sec0) (mole/l0) Xi 
0 0 . 6 1 6 8 
4 2 8 , 0 0 0 . 5 1 6 9 U 4 5 b 
1 , 0 3 7 , 0 0 0 . 5 1 6 7 i„45 
a(G 6H^S0 2CF 2H) o = 0 . 0 6 9 0 M 
^Moles of Sodium Methoxide reacting per mole of 
C 6 H 5 S 0 2 C F 2 H -
Table lii. Extinction Coefficients for 
G 6H 5S0 2 ,CF2H and C ^ S O ^ F ^ in Garbon Disulfide. 
Wave Length E for C 6H^S0 2CF 2H E for C 6H^S0 2CF 2D 
(microns) (0.025 mm. cell) ( 0 . 0 2 5 mm. cell) 
7 . 6 7 4 2 . 5 6 5 ± 0 . 0 2 7 0 . 7 1 4 t 
8 0361 0 . 2 1 8 ± o 0 0 6 
4 o 0 6 7 i . 0 3 1 8.593 3*973 t o 0 3 0 1.226 1 . 0 0 7 12.093 1 . 0 1 1 t . 0 0 1 0 o 1 7 2 ± . 0 0 1 
12.763 
0 . 1 i i 8 ± o0$7 1 . 9 9 6 ± .Olii 
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Table 1 5 . Rate of Deuterium Exchange of 
C 6 H 5 S 0 2 C P 2 D i n Methanol at 0 ° . a 
Reaction C ^ S O ^ F ^ ^ 
Time, (sece) per cent IO
5 k, ( s e e r 1 ) 
1 2 , 6 0 0 7 1 o 9 b 
1 7 , 7 0 0 6 4 . 0 2 . 2 9 
2 5 , 9 8 0 5 2 . 0 2.36 
3 4 , 5 6 0 4 2 . 9 2 . 3 5 
3 9 , 4 2 0 3 8 . 5 2 . 3 3 
5 1 , 0 6 0 3 0 . 7 2 . 2 1 
Av. 2.31 ± 0 . 0 4 ° 
a(C 6H^S0 2CP 2D) o = 0.0690 M, (Na0Me)Q = 0 . 0 2 3 7 M 
This point used as zero reaction point. All values 
calculated from absorption at 8 . 3 6 1 y U and 8.593yW • 
cSecond-order rate (9 . 7 1 x 10"*+ l./mole sec.) ob­
tained by dividing by NaOMe concentration. 
Table 16. Reaction of Difluoromethyl Phenyl 
Sulfide with Sodium Methoxide and Sodium 
Thiophenoxide at 5 0 ° . a 
Reaction Me0~ C 6 H 5 S ~ 
Time, (days) (mole/l.) (mole/l. 
0 0.712 0 . 9 2 5 
7 .712, .916. 
2 3 o 6 9 3 b . 9 0 8 ° 
a(C 6H 5SCF 2H) 0 = 0 . 5 1 2 M 
DThis corresponds to less than 7 . 0 per cent reaction 
of difluoromethyl phenyl sulfide. 
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Table 1 7 . Rate of Deuterium Exchange of 
Av. 6,66 ± 0 , 2 3 c 
a ( C 6 H ^ S 0 2 C P 2 D ) o = 0.0690 M, (NaOMe) Q = 0 .0711 M 
bThis point used as zero reaction point. All values 
calculated from absorption at 8,361^4 and o ,59^W . 
cSecond-order rate constant ( 9 . 3 7 x 10°°^" 1,/mole 
s e c ) was obtained by dividing by UaOMe concentration. 
C 6 H 5 S 0 2 C P 2 D l n M e t h a n o 1 a t ° ° * a 
Reaction C£ >H^S0 2CP 2D ^ 1 
Time, (sec.) per cent 1 0 k * ( s e c* ) 
1,800 8 3 . 3 b 
3 , 6 0 0 7 3 . 4 7 .04 
7 ,530 5 1 . 2 6 . 6 5 
10,800 45 .4 6 . 7 5 
14,430 3 8 . 7 6 , 0 8 
18,000 27 .8 6 , 7 7 
6 4 
Table 1 8 . Rate of Deuterium Exchange of 
CgH^SOgCF^D in Water at 0 ° e a 
Reaction CgHgSOgCFgD . 






7 7 . 6 b 
6 4 * 8 
3 2 e 8 
2 4 . 8 
5 o 6 7 
5 . 6 8 
5 - 5 1 
5*44 
Av 5 . 5 7 ± o.io c 
a ( C 6 H 5 S 0 2 C P 2 D ) 0 = 0 o 0 0 6 2 1 M, (NaOH)Q = 0 . 0 0 0 8 9 M 
b 
This point used as zero reaction point. All values 
calculated from absorption at 8 . 3 6 j y ^ and o0$93jU e 
cSecond-order rate constant ( 6 * 2 5 x 1 0 ~ ^ l./mole 
sec.) was obtained by dividing by NaOH concentration. 
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Table 19. Rate of Deuterium Exchange of 
G 6 H 5 S 0 2 C P 2 D i n ¥ a t e * * a t 0 ° . a 
Reaction C ^ S O ^ F ^ g ^ 
Time, (sec.) per cent 1 0 k> (sec- ) 
2,700 7 6 . 2 b 
k,5k0 6 7 . 5 6.59 
7 ,720 51 .9 6.52 
12 ,810 3 5 . k 6.99 
16 ,710 26.7 7 .05 
Av. 6 .79 ± 0.23 c 
a(C 6H^S0 20P2D) o = 0.00621 M, (NaOH)Q = 0.00117 
*Us ed as zero reaction point. All values calculated 
from absorption at 8.36jyu and o .59^u . 
cSecond-order rate constant ( 5 .82 x 10~2 l#/mole 
sec.) was obtained by dividing by NaOH concentration. 
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Table 20. Data for Calculating the Indicator 













1 0 3 K T In 
2.00 1.00 0 . 3 6 4 b 
4.00 1.00 .364 
5.00 2 o 00 1.00 .365 
5.00 4.00 1.00 .364 
5.oo .10 1.00 .349 2.85 
3 .00 o l O 1.00 .343 4 ,16 
2.00 .10 1.00 . 3 3 5 5 .95 
1.00 .10 1.00 .328 7 .63 
.50 .10 1.00 .326 8 .15 
. 10 1.00 .310 12 .25 
5.oo .025 1.00 .275 3 .01 
3 .00 .025 1.00 .248 5 .10 
2.00 .025 1.00 .242 5.90 
1.00 .025 1.00 .226 7 .63 
1.00 .001 
aThe extinction coefficient for thymol blue was 
determined to be approximately 53,800 for the basic form at 
5850 8. Since the neutral form showed negligible absorption 
at this wave length, the optical density readings were used 
ap direct readings for the concentration of the basic form 
of the indicator. 
bThe solutions were made in a 10 ml. volumetric 
flask which was filled to the mark with methanol after the 
reagents were added. 
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Table 21. Data for Calculating the Equilibrium 

















3.0 2.00 0.658b 
6.0 2.00 .656 
13.00 1.00 2.00 9.00 .425 349 c 
13.00 .50 2.00 9.00 .305 34o 
10.00 1.00 2.00 9.00 .424 271 
10.00 •5o 2.00 9.00 .302 257 
8.00 1.00 2.00 9.00 .425 220 
8.00 .50 2.00 9.00 .300 213 
aSee footnote a Table 20. 
DThe solutions were made in a 25 ml« volumetric flask 
which was filled to the mark with methanol after the reagents 
were added. 
Calculated using values of K T obtained from Figure 1 . 
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Table 22 . Data for Calculating the Equilibrium 
Constant K« in Methanol at 25°O 

















L I U O l o00 O . 5 o 5 b 219c 5o0o 1.00 1.00 3o00 
5 C O O L O O O L O O O 8.00 o33ij. 226 
7©OO 1 0 0 0 1.00 6 o 00 o370 318 
aSee footnote a Table 20 . 
The solutions were made in a 15 ml. volumetric flask 
which was filled to the mark with methanol after the reagents 
were added. 
Calculated using values of Kj n obtained from Figure l c 
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Table 2 3 . Data for Calculating the Equilibrium 
Constant K e in Methanol at 2 5 ° . 
0 . 3 1 3 4 M 3 x 10'k M 0 . 3 8 4 0 M Optical 
NaOMe Thymol Bluea C H 3 S H Density *e 
(ml.) (ml.) (ml.) ( 5 8 5 0 X) 
1 0 . 0 0 2 o 0 0 0 . 8 8 0 1 3 
loOO 2 . 0 0 3 o 0 0 . 6 2 0 i i 4 4 c 
1 . 0 0 2 . 0 0 6 . 0 0 o 4 9 8 1 2 0 
1 . 0 0 2 . 0 0 9 o 0 0 o 3 6 9 1 4 2 
1 . 0 0 2 . 0 0 1 2 . 0 0 . 3 0 0 1 4 6 
aSee footnote a Table 2 0 o 
DThe solutions were made in a 1 5 ml 0 volumetric flask which was filled to the mark with methanol after the reagents 
were added. 
Calculated using values of K T obtained from Figure 1 . 
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Figure k. Infrared Spectrum of Difluoromethyl Phenyl S u l f i d e , 
(pure l i q u i d , 0 . 0 2 5 mm. c e l l th ickness ) . 
Figure 5 • Infrared Spectrum of Triphenyl Orthothioformate. 
(carbon d i su l f ide so lut ion, 0 . 5 nun. c e l l th ickness ) . 
Figure 6 . In frared Spectrum of Difluoromethyl 2-Napthyl Sulfone. 
(carbon d isu l f ide so lut ion, 0 . 1 mm. c e l l th ickness ) . 
Figure 7 . Infrared Spectrum of Difluoromethyl Methyl Su l f ide , 
(pure l i q u i d , 0 . 0 2 5 mm. c e l l th ickness ) . 
Figure 8, In frared Spectrum of Trimethyl Orthothioformate. 
(carbon d i su l f ide solut ion, 0 . 1 mm. c e l l th ickness ) . 
Figure 1 0 . Infrared Spectrum of Deuteriodifluoromethyl Phenyl Sulfone. 
(carbon d i su l f ide so lut ion, 0 . 0 2 5 mm. c e l l th ickness ) . 
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